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NON-AQUEOUS ELECTROLYTE
SECONDARY BATTERY

TECHNICAL FIELD

The present invention relates to a non-aqueous electrolyte
secondary battery, and in particular to a seal structure for a
non-aqueous electrolyte secondary battery such as a lithium
ion battery that requires high sealing tightness.

BACKGROUND ART

In recent years, batteries with reduced size, reduced
weight, and increased energy density have been required as
drive power sources for various electric apparatuses such as
personal computers, particularly along with their tendency
toward cordless and portable configurations. In particular,
non-aqueous electrolyte secondary batteries such as lithium
ion batteries have high energy density, and are expected as
leading products that meet such requirements.

Some non-aqueous electrolyte secondary batteries have a
rectangular structure with an electrode member in which a
positive electrode and a negative electrode are laminated via
a separator, and others have a cylindrical structure with an
electrode member formed by winding a laminated member
including a positive electrode and a negative electrode lami-
nated via a separator. The electrode member of either struc-
ture is housed in a battery case or a battery casing together
with a non-aqueous electrolyte. It should be noted, however,
that the battery case may have a rectangular outer shape even
if a wound electrode member is used as the electrode member.

In the non-aqueous electrolyte secondary batteries, further,
a current is drawn from the electrode member via a positive
current collecting member and a negative current collecting
member connected to the positive electrode and the negative
electrode, respectively. That is, the current collecting mem-
bers are fixed at an end portion of the electrode member, and
a positive terminal and a negative terminal connected to the
positive current collecting member and the negative current
collecting member, respectively, for electrical conduction are
projected out of the battery case through terminal leading
holes (terminal through holes) formed in a lid of the battery
case. In an example of a seal structure for the terminal leading
holes, a seal member (for example, a gasket) is provided
between an inner wall surface around a portion of the lid
formed with the terminal leading holes and terminal body
portions of the electrode terminals having threaded terminal
portions when the electrode terminals are inserted through the
terminal leading holes of the battery case from the inner side
of the battery case, and a nut is fastened via a washer and the
gasket onto a threaded portion of the threaded terminal por-
tions of the electrode terminals projecting out of the battery
case to pull up the electrode terminals out of the battery case
and compress the seal member between the inner wall surface
of the 1id and the terminal body portions of the electrode
terminals (see Patent Documents 1, 2, and 3, for example).

RELATED ART DOCUMENTS
Patent Documents
Patent Document 1: JPO8-77999A
Patent Document 2: JP2009-1349A
Patent Document 3: JP2009-252719A
SUMMARY OF INVENTION
Technical Problem

In Patent Documents 1, 2, and 3, the amount of compres-
sion of the seal member significantly depends on the degree of
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fastening of the nut. Therefore, even if the nut is fastened
enough to obtain an appropriate amount of compression of
the seal member at the time of manufacture of the battery, the
amount of compression of the seal member may become
insufficient if the nut is loosened thereafter, which may dis-
advantageously reduce the seal performance.

In order to address the foregoing issue, itis an object of the
present invention to provide a seal structure with a minimum
reduction in seal performance after start of use of a battery.

Means for Solving the Problems

In order to address the foregoing issue, the present inven-
tion provides a non-aqueous electrolyte secondary battery
including: a battery case including a case body portion having
an opening, and a lid configured to tightly seal the opening of
the case body portion; an electrode group and an organic
electrolyte housed in the battery case; and a plurality of elec-
trode terminals. The electrode terminals each include a ter-
minal body portion electrically connected to the electrode
group and a threaded terminal portion integrally formed with
the terminal body portion and configured to pass through the
lid, and each electrode terminal is fixed to the lid with a nut
fastened around the threaded terminal portion of the electrode
terminal. The non-aqueous electrolyte secondary battery
according to the present invention includes an elastic member
disposed and compressed between the terminal body portion
of the electrode terminal and the lid of the battery case. The
compressed elastic member imparts a force to the terminal
body portion of the electrode terminal in the direction away
from the lid. The force acts to draw the threaded terminal
portion toward the inside of the battery case, thereby sup-
pressing loosening of the nut.

In particular, the elastic member is preferably made of a
rubber-based material. The rubber-based material may be at
least one kind selected from chloroprene rubber, nitrile rub-
ber, ethylene propylene rubber, butyl rubber, urethane rubber,
fluororubber, and silicon rubber. Such rubber-based materials
are not particularly dissolved in a non-aqueous electrolyte
upon contact with the non-aqueous electrolyte, and therefore
do not affect the battery performance.

The non-aqueous electrolyte secondary battery may fur-
ther include a gasket disposed between the terminal body
portion and the lid on an outer side of the elastic member. Use
of'the gasket promotes prevention of loosening of the nut. The
gasket is preferably formed of a resin material. As specific
examples of the resin material of the gasket, the gasket may be
at least one kind selected from a rubber gasket, a synthetic
resin gasket, a semi-metallic gasket, and an expanded graph-
ite gasket. Such resin materials are also not particularly dis-
solved in a non-aqueous electrolyte upon contact with the
non-aqueous electrolyte, and therefore do not affect the bat-
tery performance.

The non-aqueous electrolyte secondary battery may fur-
ther include a filled resin portion formed by filling a resin
material into a recess defined by the 1id, the terminal body
portion, and the elastic member and letting the resin material
become cured. Providing such a filled resin portion prevents
areduction in effect of the elastic member due to expansion of
the elastic member in the recess, and allows the filled resin
portion to exercise a seal effect, thereby enhancing the seal
performance.

A stepped groove may be formed in each of the lid and the
terminal body portion of the electrode terminal, and the elas-
tic member and the gasket may be disposed in the stepped
grooves. This allows the elastic member and the gasket to be
reliably positioned.
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The elastic member preferably has an annular shape to
surround the threaded terminal portion. The gasket preferably
has an annular shape to surround the threaded terminal por-
tion. The stepped groove formed in the lid may include a first
lid-side annular stepped portion and a second lid-side annular
stepped portion. The first lid-side annular stepped portion is
formed concentrically with the terminal through hole. The
second lid-side annular stepped portion is formed concentri-
cally and continuously with the first lid-side annular stepped
portion. The first lid-side annular stepped portion and the
second lid-side annular stepped portion are formed in a back
surface portion of the lid facing the terminal body portion.
The stepped groove formed in the terminal body portion may
include a first terminal-side annular stepped portion concen-
trically formed with the threaded terminal portion to face the
first lid-side annular stepped portion with the threaded termi-
nal portion fitted in the terminal through hole, and a second
terminal-side annular stepped portion concentrically formed
with the first terminal-side annular stepped portion and con-
tinuously formed with the first terminal-side annular stepped
portion to face the second lid-side annular stepped portion
with the threaded terminal portion fitted in the terminal
through hole. In this case, the elastic member may be dis-
posed between the first lid-side annular stepped portion and
the first terminal-side annular stepped portion. The gasket
may be disposed between the second lid-side annular stepped
portion and the second terminal-side annular stepped portion.
The second elastic member is preferably in contact with the
gasket. Adopting such an arrangement ensures positioning
and a seal effect.

A more specific example of the non-aqueous electrolyte
secondary battery includes a battery case including a case
body portion having an opening, and alid having a plurality of
terminal through holes and configured to tightly seal the
opening of the case body portion. The specific example of the
non-aqueous electrolyte secondary battery also includes: a
first gasket fitted to the threaded terminal portion of the elec-
trode terminal and disposed between the lid and the nut; and
a second gasket disposed on the terminal body portion to
surround the threaded terminal portion, and disposed
between the terminal body portion of the electrode terminal
and the lid of the battery case. The specific example of the
non-aqueous electrolyte secondary battery additionally
includes an annular elastic member disposed on the terminal
body portion to surround the threaded terminal portion on an
inner side of the second gasket, the annular elastic member
being compressed between the terminal body portion of the
electrode terminal and the lid of the battery case. Such an
arrangement prevents loosening of the nut and enhances the
seal performance through cooperation between the annular
elastic member and the second gasket.

If the second gasket is formed from an elastic material, the
second gasket and the elastic member may be integrally
formed with each other. This not only allows a reduction in
number of components but also facilitates assembly.

The first gasket may include a fitted portion fitted in the
annular recess formed between the terminal through hole and
the threaded terminal portion. Providing the first gasket with
such a fitted portion allows apart of the annular recess to be
occupied by the fitted portion, thereby reducing the amount of
the resin material to be used. The fitted portion of the first
gasket is preferably formed with a passage configured to
introduce the resin material into the annular recess. The pres-
ence of such a passage allows filling of the resin material after
the first gasket is disposed, thereby facilitating the work of
filling the resin material.
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BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a perspective view showing the appearance of a
non-aqueous electrolyte secondary battery according to a first
embodiment of the present invention.

FIG. 2 is a cross-sectional view of a terminal attachment
structure of the non-aqueous electrolyte secondary battery
used to describe a terminal seal structure according to the first
embodiment.

FIG. 3 is an exploded cross-sectional view of the terminal
attachment structure of FIG. 2.

FIGS. 4A and 4B each show a part of an assembly process.

FIG. 5 is a cross-sectional view of a terminal attachment
structure of a non-aqueous electrolyte secondary battery used
to describe a terminal seal structure according to a second
embodiment of the present invention.

FIG. 6 is an exploded cross-sectional view of the terminal
attachment structure of FIG. 5.

FIGS. 7A and 7B show a modification of a gasket.

FIG. 8 is a cross-sectional view of a terminal attachment
structure of a non-aqueous electrolyte secondary battery used
to describe a terminal seal structure according to a third
embodiment of the present invention.

FIG. 9 is an exploded cross-sectional view of the terminal
attachment structure of FIG. 8.

FIG. 10 is a cross-sectional view of a terminal attachment
structure of a non-aqueous electrolyte secondary battery used
to describe a terminal seal structure according to a fourth
embodiment of the present invention.

FIG. 11 is an exploded cross-sectional view of the terminal
attachment structure of FIG. 10.

DESCRIPTION OF EMBODIMENTS

Embodiments of the present invention will be described in
detail below with reference to the drawings. It should be
noted, however, that the sizes, materials, shapes, relative posi-
tions, and so forth of constituent components described in the
following embodiments are merely exemplary and for illus-
tration only, rather than limiting the technical scope of the
present invention to such embodiments, unless specifically
stated otherwise.

(First Embodiment)

FIG. 1 is a perspective view showing the appearance of a
non-aqueous electrolyte secondary battery according to a first
embodiment of the present invention. FIG. 2 is a cross-sec-
tional view of a terminal attachment structure of the non-
aqueous electrolyte secondary battery used to describe a ter-
minal seal structure. In FIG. 2, an electrode terminal 3 and a
nut 8 to be discussed later are not shown in cross section. FIG.
3 is an exploded cross-sectional view of the terminal attach-
ment structure of FIG. 2. In FIG. 1, reference numeral 1
denotes a case body portion made of stainless steel and having
an opening, and reference numeral 2 denotes a lid made of
stainless steel and configured to tightly seal the opening ofthe
casebody portion 1. In the embodiment, the case body portion
1 and the lid 2 form a battery case. An electrode group and an
organic electrolyte are housed in the battery case. The mate-
rial of the case body portion 1 and the lid 2 is not limited to
stainless steel, and may be other metals having electrolyte
resistance properties such as aluminum and aluminum alloys,
for example, and resin materials such as epoxy resins.

The 1id 2 is formed with two terminal through holes 9. In
FIGS. 2 and 3, only one terminal through hole 9 is shown. An
electrode terminal 3 for current collection is made of alumi-
num or copper, and includes a threaded terminal portion 3A
that passes through the terminal through hole 9 and a terminal



US 9,240,576 B2

5

body portion 3B electrically connected to an electrode group
(not shown), which are integral with each other. As shown in
FIG. 3, a stepped groove 11 is formed in a back surface
portion, which faces the terminal body portion 3B, of the lid
2. The stepped groove 11 includes a first lid-side annular
stepped portion 11A formed concentrically with the terminal
through hole 9, and a second lid-side annular stepped portion
11B formed concentrically and continuously with the first
lid-side annular stepped portion 11 A. The terminal body por-
tion 3B of the electrode terminal 3 is formed with a first
terminal-side annular stepped portion 12A and a second ter-
minal-side annular stepped portion 12B with the threaded
terminal portion 3A being fitted in the terminal through hole
9. The first terminal-side annular stepped portion 12B is
formed concentrically with the threaded terminal portion 3A
and facing the first lid-side annular stepped portion 11A. The
second terminal-side annular stepped portion 12B is formed
concentrically and continuously with the first terminal-side
annular stepped portion 12A and faces the second lid-side
annular stepped portion 11B. The first terminal-side annular
stepped portion 12A and the second terminal-side annular
stepped portion 12B form a stepped groove 12 provided on
the terminal body portion 3B.

The electrode terminal 3 is fixed to the lid 2 with a nut 8
fastened via a gasket 5 and a metal washer 7 around the
threaded terminal portion 3A passing through the terminal
through hole 9 in the lid 2.

An annular elastic member 4 made of an electrically insu-
lating material is disposed and compressed between the ter-
minal body portion 3B of the electrode terminal 3 and the lid
2 of the battery case. The compressed elastic member 4
imparts a force to the terminal body portion 3B of the elec-
trode terminal 3 in the direction away from the lid 2. The force
acts to draw the threaded terminal portion 3A toward the
inside of the battery case, thereby suppressing loosening of
the nut 8. The annular elastic member 4 also secures insula-
tion between the lid 2 and the electrode terminal 3. Because it
is intended to secure seal performance by compressing the
elastic member 4, the elastic member 4 is preferably made of
a material having a moderate compression reaction force. In
the embodiment, the elastic member 4 is made of a rubber-
based material. The rubber-based material may be selected
from the group consisting of chloroprene rubber, nitrile rub-
ber, ethylene propylene rubber, butyl rubber, urethane rubber,
fluororubber, and silicon rubber. In the embodiment, a fluo-
rorubber is selected as the rubber-based material, and the
rubber-based material has an O-ring shape.

In order to secure seal performance by interposing the
elastic member 4, it is necessary to fix the position of the
elastic member 4. Thus, the annular elastic member 4 is
disposed between the first lid-side annular stepped portion
11A and the first terminal-side annular stepped portion 12A.
In order to prevent the elastic member 4 from being displaced
radially outward when compressing the elastic member 4, in
addition, an annular resin gasket 5 (second gasket) is pro-
vided. The annular gasket 5 is in contact with the outer periph-
eral surface of the annular elastic member 4, and is disposed
between the second lid-side annular stepped portion 11B of
the lid 2 and the second terminal-side annular stepped portion
12B of the terminal body portion 3B of the electrode terminal
3. Preferably, the resin material of the resin gasket 5 accord-
ing to the embodiment is selected from the group consisting
of polyolefin-based resins such as polypropylene (PP) and
polyethylene (PE); fluorine resins such as perfluoro alkoxy
alkane (PFA) and polytetrafluoroethylene (PTFE); and poly-
mer materials such as polyphenylene sulfide (PPS), polyim-
ide resins, polyamide-imide resins, polyether ether ketone
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resins (PEEK), and polyether sulfone resins (PES), and is
hard enough to prevent displacement due to crushing by com-
pression of the elastic member 4. In the embodiment, PFA is
selected, and the gasket 5 has an annular disk shape because
it is disposed at the outer peripheral portion of the elastic
member 4.

As shown in FIG. 4A, when the lid 2 and the terminal body
portion 3B of the electrode terminal 3 are disposed to face
each other via the resin gasket 5 and the elastic member 4, a
recess 10 is defined by the inner peripheral portion of the
elastic member 4, the terminal body portion 3B of the elec-
trode terminal 3, and the lid 2. The recess 10 is in contact with
outside air, and is considered to significantly reduce the seal
performance of the elastic member 4 if moisture or the like
enters the recess 10. In addition, the presence of the recess 10
may permit the elastic member 4 to enter the recess 10, and
may permit displacement of the elastic member 4. Therefore,
in the embodiment, as shown in FIGS. 2, 3, and 4B, a filled
resin portion 6 is formed by filling a resin material 6' into the
recess 10 and letting the resin material 6' become cured. In the
embodiment, as shown in FIG. 2, the resin material 6' also
enters a space inside a gasket (first gasket) 13 provided on the
lid 2, and thus the filled resin portion 6 extends not only in the
recess 10 but also out of the recess 10. When the nut 8 is
fastened, the elastic member 4 is crushed and deformed.
Thus, the diameter of the terminal through hole 9 is smaller
than the inside diameter of the elastic member 4. That is, it is
necessary that the resin material should also fill a space cre-
ated because of such a difference in diameter. Hence, it is
important that the viscosity of the resin material for forming
the filled resin portion 6 should not be too high. It is also
important that the curing temperature of the resin material
should not be too high because components made of a resin
material such as the elastic member 4 and the resin gasket 5
are disposed around the resin material when letting the filled
resin material become cured.

For this reason, in the embodiment, a thermosetting, two-
part mixed epoxy resin is used as the resin material 6' for
forming the filled resin portion 6. The resin material 6' is not
limited to the two-part mixed epoxy resin used in the embodi-
ment, and may be other resin materials that become cured
around room temperature and that preferably have electrolyte
resistance properties. Providing the filled resin portion 6 in
addition to the elastic member 4 increases air tightness, and
enables the electrode terminal 3 and the lid 2 to be disposed
not to directly contact each other.

After the recess 10 is filled with the resin material 6' for
forming the filled resin portion 6, the resin gasket 13 and the
metal washer 7 are placed around a threaded portion of the
threaded terminal portion 3A of the electrode terminal 3 and
the nut 8 is fastened, before the resin material 6' becomes
cured. By fastening the nut 8, the electrode terminal 3 is
pulled up in the direction of the lid 2. As the elastic member
4 is compressed, the resin material 6' is pushed up along the
threaded terminal portion 3A of the electrode terminal 3 so
that the resin material 6' enters a space inside the gasket 13.
When the resin material 6' becomes cured to form the filled
resin portion 6, the seal performance is ensured.

In the embodiment, the resin gasket 13 is made of PFA as
with the resin gasket 5. It should be noted, however, that the
gasket 13 has a larger width (width in the radial direction)
than the resin gasket 5 to prevent the resin material 6' from
expanding in the radial direction of the threaded terminal
portion 3A of the electrode terminal 3 when the resin material
6' is pushed up in the direction of the nut 8. Because it is
considered that fastening only the nut 8 might deform the
resin gasket 13, the metal washer 7 is disposed between the
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resin gasket 13 and the nut 8. An aluminum alloy is used for
the metal washer 7 and the nut 8. After the nut 8 is fastened as
described above, the 1id 2 is put into a thermostat bath to cure
the resin.

After the resin material 6' became cured, the lid 2 was
subjected to a helium leak test to identify the presence of any
leak. In order to identify any leak from a fastening portion
around the electrode terminal 3, a distal end of a helium leak
tester was attached to the lid 2 around the electrode terminal
3, and the pressure was reduced. After reducing the pressure
to a constant pressure, a helium gas was sprayed from outside
so that the helium gas would be detected in case of any leak.

As aresult of the test, no leak from the lid 2 was observed
in the structure according to the embodiment. It is considered
that no leak was identified because the recess 10 was filled
with the resin material 6' in addition to the elastic member 4
in the embodiment. As another effect of filling the resin mate-
rial 6', it is considered that rotation of the nut 8 is prevented by
the resin material 6' which has been pushed up into a space
between the threaded terminal portion 3A of the electrode
terminal 3 and the nut 8 and has become cured. When the nut
8 was rotated in the loosening direction using a torque wrench
after the resin material 6' became cured, a value of about 60 N
was indicated. The value is about four times the torque
applied for fastening, and it was found that the resin material
6' was sufficiently effective in preventing rotation ofthe nut 8.
Thus, prevention of loosening of the nut 8 over a long period
of'use is also expected.

(Second Embodiment)

FIG. 5 is a cross-sectional view of a terminal attachment
structure of a non-aqueous electrolyte secondary battery used
to describe a terminal seal structure according to a second
embodiment of the present invention. In FIG. 5, the electrode
terminal 3 and the nut 8 are not shown in cross section. FIG.
6 is an exploded cross-sectional view of the terminal attach-
ment structure of FIG. 5. The second embodiment is different
from the first embodiment in shape of a first gasket 13'. The
structure of the embodiment is otherwise the same as that of
the first embodiment. That is, the positional relationship
between the lid 2 and the electrode terminal 3 and the material
and the installation state of the elastic member 4 in the second
embodiment are the same as those in the first embodiment. In
the embodiment, as shown in FIG. 6, the first gasket 13' is
structured to include a gasket body 13'A and a fitted portion
13'B, which are integral with each other. The fitted portion
13'B is fitted in an annular recess formed between the termi-
nal through hole 9 and the threaded terminal portion 3A. The
first gasket 13' is shaped such that the cylindrical fitted portion
13'B having a length equal to or more than the thickness of the
disk-like gasket body 13'A having a hole opening at the center
is integrally formed at an inner edge portion of the disk-like
gasket body 13'A. In the embodiment, as shown in FIG. 7A,
anotch 14 may be formed in each of the gasket body 13'A and
the fitted portion 13'B, and the resin material 6' may be filled
from the notch 14. In addition, as shown in FIG. 7B, the first
bracket 13' may be formed by assembling two divided brack-
ets 13'D obtained by dividing a single bracket 13' into two
pieces. The divided brackets 13'D each include a divided
bracket body 13'a and a divided fitted portion 13'5. If the
divided brackets 13'D are used, the divided fitted portions
13'5 of the two divided brackets 13'D are disposed in a part of
the annular recess 10 formed between the lid 2 and the elec-
trode terminal 3. The shape and the size of the divided fitted
portions 13'b are determined such that a passage configured
for passage of a resin is formed between the divided fitted
portions 13'5 of the two divided brackets 13'D. The resin
material 6' is filled from the space. In addition, the length of
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the divided fitted portions 13'b of the divided brackets 13'D is
less than the plate thickness of the lid 2 . The number of
divided brackets may be a number other than two, such as
four, for example.

If the fitted portion 13'B of the bracket 13' is fitted into the
annular recess 10 and the filled resin portion 6 is formed by
filling the resin material 6' as in the embodiment, the position
of the annular elastic member 4 can be fixed.

A leak test was also conducted for the second embodiment
in the same method as for the firstembodiment. As a result, no
leak was identified at the same degree of vacuum as in the first
embodiment. Hence, it was confirmed that the structure
according to the second embodiment also caused no leak.
(Third Embodiment)

FIG. 8 is a cross-sectional view of a terminal attachment
structure of a non-aqueous electrolyte secondary battery used
to describe a terminal seal structure according to a third
embodiment of the present invention. In FIG. 8, the electrode
terminal 3 and the nut 8 are not shown in cross section. FIG.
9 is an exploded cross-sectional view of the terminal attach-
ment structure of FIG. 8. The third embodiment is different
from the first embodiment in that no elastic member 4 as an
independent component is provided. In the embodiment, a
second gasket 5'is formed from an elastic gasket material, and
the second gasket 5' and an elastic member 4' are integrally
formed with each other. The structure of the embodiment is
otherwise the same as that ofthe first embodiment. That is, the
positional relationship between the lid 2 and the electrode
terminal 3 and the material and the installation state of main
portions in the third embodiment are the same as those in the
first embodiment.

In the embodiment, the elastic member 4' is integrally
formed with the gasket 5'. The elastic member 4' is disposed
between the first lid-side annular stepped portion 11A and the
first terminal-side annular stepped portion 12A, and the gas-
ket 5' is disposed between the second lid-side annular stepped
portion 11B of the lid 2 and the second terminal-side annular
stepped portion 12B of the terminal body portion 3B. If the
elastic member 4' and the gasket 5' are disposed in this way, a
linear seal is formed at the boundary between the elastic
member 4' and the gasket 5'. At this time, if the gasket 5'
forming the elastic member 4' is made of a soft material that
is deformable in conformity to the shape of the elastic mem-
ber4', it is considered that the strength of the seal portion may
not be maintained and that leak may be caused. Therefore, it
is required that the material of the elastic member 4' and the
gasket 5' should have some degree of hardness and a reaction
force against compression at the same time. Therefore, the
material of the elastic member 4' and the gasket 5' is prefer-
ably a polymer-based material used for the resin gasket, rather
than a rubber-based material. In the embodiment, perfluoro
alkoxy alkane (PFA) is selected among others. The elastic
member 4' and the gasket 5' have a disk-like shape with a large
width as with the resin gasket 5 according to the first embodi-
ment. A through hole is formed at the center portion of the
elastic member 4' made of a gasket material, and the threaded
terminal portion 3A of the electrode terminal 3 passes
through the through hole. Also in the embodiment, the filled
resin portion 6 is formed by filling the resin material 6' into the
annular recess 10 defined by the inner peripheral portion of
the elastic member 4', the terminal body portion 3B of the
electrode terminal 3, and the lid 2. The threaded terminal
portion 3A ofthe electrode terminal 3 is inserted into the resin
gasket 13 and the metal washer 7, and fastened by the nut 8.

Inthe embodiment, it is important to manage the amount of
crushing of the elastic member 4' made of a gasket material by
managing the fastening torque. In the embodiment, the fas-
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tening torque is set such that the amount of crushing of the
gasket of the elastic member 4' is approximately 50% of the
original thickness.

After fastening was done as mentioned above, a leak test
was also conducted for this embodiment in the same method
as for the first embodiment. As a result, no leak was identified
in the leak test at the same degree of vacuum as in the first
embodiment. Hence, it was confirmed that the structure
according to the embodiment also caused no leak.

(Fourth Embodiment)

FIG. 10 is a cross-sectional view of a terminal attachment
structure of a non-aqueous electrolyte secondary battery used
to describe a terminal seal structure according to a fourth
embodiment of the present invention. In FIG. 10, the elec-
trode terminal 3 and the nut 8 are not shown in cross section.
FIG. 11 is an exploded cross-sectional view of the terminal
attachment structure of FIG. 10. In the fourth embodiment, as
in the third embodiment, the second gasket 5' is formed from
an elastic gasket material, and the second gasket 5' and the
elastic member 4' are integrally formed with each other. In the
embodiment, an annular projection 15 is integrally formed on
the first terminal-side annular stepped portion 12A provided
to the terminal body portion 3A of the electrode terminal 3.
The structure of the embodiment is otherwise the same as that
of the third embodiment. As in the third embodiment, by
fastening the nut 8, the electrode terminal 3 is pulled up, and
the gasket of the elastic member 4' made of a gasket material
is crushed by the stepped portions of the 1id 2 and the elec-
trode terminal 3. Because the annular projection 15 on the
first terminal-side annular stepped portion 12A provided to
the terminal body portion 3A of' the electrode terminal 3 also
compresses the gasket of the elastic member 4', a linear seal is
more reliably formed.

After fastening was done as mentioned above, a leak test
was also conducted for this embodiment in the same method
as for the first embodiment. As a result, no leak was identified
in the leak test at the same degree of vacuum as in the first
embodiment. Hence, it was confirmed that the structure
according to the embodiment also caused no leak.

REFERENCE SIGN LIST

1 Case Body Portion

2Lid

3 Electrode terminal

4 Flastic Member

5, 5' Gasket

6 Filled Resin Portion

6' Resin Material

7 Metal Washer

8 Nut

9 Terminal Through Hole

10 Recess

The invention claimed is:

1. A non-aqueous electrolyte secondary battery compris-

ing:

a battery case including a case body portion having an
opening, and a lid having a plurality of terminal through
holes and configured to tightly seal the opening of the
case body portion;

an electrode group and an organic electrolyte housed in the
battery case;

aplurality of electrode terminals each including a terminal
body portion electrically connected to the electrode
group and a threaded terminal portion integrally formed
with the terminal body portion and configured to pass
through one of the terminal through holes of the lid,
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wherein each electrode terminal is fixed to the lid with a
nut fastened around the threaded terminal portion of the
electrode terminal,

a first gasket fitted to the threaded terminal portion and
disposed between the lid and the nut;

a second gasket disposed on the terminal body portion to
surround the threaded terminal portion, and disposed
between the terminal body portion of the electrode ter-
minal and the lid of the battery case;

an annular elastic member disposed on the terminal body
portion to surround the threaded terminal portion on an
inner side of the second gasket, the annular elastic mem-
ber being compressed between the terminal body por-
tion of the electrode terminal and the 1id of the battery
case; and

a filled resin portion formed by filling a resin material into
an annular recess defined by at least the annular elastic
member, the threaded terminal portion, and the terminal
body portion and letting the resin material become
cured, wherein:

a stepped groove is formed in each of the lid and the
terminal body portion of the electrode terminal, and the
annular elastic member and the second gasket are dis-
posed in the stepped grooves;

the stepped groove formed in the lid includes a first lid-side
annular stepped portion formed concentrically with the
terminal through hole, and a second lid-side annular
stepped portion formed concentrically and continuously
with the first lid-side annular stepped portion, the first
lid-side annular stepped portion and the second lid-side
annular stepped portion being formed in a back surface
portion, which faces the terminal body portion, of the
lid;

the stepped groove formed in the terminal body portion
includes a first terminal-side annular stepped portion
formed concentrically with the threaded terminal por-
tion and facing the first lid-side annular stepped portion
with the threaded terminal portion fitted in the terminal
through hole, and a second terminal-side annular
stepped portion formed concentrically and continuously
with the first terminal-side annular stepped portion and
facing the second lid-side annular stepped portion with
the threaded terminal portion being fitted in the terminal
through hole;

the annular elastic member is disposed between the first
lid-side annular stepped portion and the first terminal-
side annular stepped portion;

the second gasket is disposed between the second lid-side
annular stepped portion and the second terminal-side
annular stepped portion; and

the second gasket is operable to prevent the annular elastic
member from being out of alignment in a radial direc-
tion.

2. The non-aqueous electrolyte secondary battery accord-

ing to claim 1, wherein

the second gasket is formed from an elastic material, and
the second gasket and the annular elastic member are
integrally formed with each other.

3. The non-aqueous electrolyte secondary battery accord-

ing to claim 1, wherein

the first gasket includes a fitted portion fitted in the annular
recess formed between the terminal through hole and the
threaded terminal portion.

4. The non-aqueous electrolyte secondary battery accord-

ing to claim 3, wherein
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the fitted portion of the first gasket is formed with a passage
configured to introduce the resin material into the annu-
lar recess.
5. The non-aqueous electrolyte secondary battery accord-
ing to claim 1, wherein
the annular elastic member is made of a rubber-based mate-
rial.
6. The non-aqueous electrolyte secondary battery accord-
ing to claim 1, wherein
the second gasket is formed of a resin material.
7. The non-aqueous electrolyte secondary battery accord-
ing to claim 1, wherein
the second gasket is at least one kind selected from a rubber
gasket, a synthetic resin gasket, a semi-metallic gasket,
and an expanded graphite gasket.
8. The non-aqueous electrolyte secondary battery accord-
ing to claim 1, wherein
the filled resin portion is formed by curing one of a one-part
resin material and a two-part mixed resin material.
9. The non-aqueous electrolyte secondary battery accord-
ing to claim 1, wherein:
the annular elastic member is in contact with the second
gasket.
10. The non-aqueous electrolyte secondary battery accord-
ing to claim 5, wherein
the rubber-based material is at least one kind selected from
chloroprene rubber, nitrile rubber, ethylene propylene
rubber, butyl rubber, urethane rubber, fluororubber, and
silicon rubber.
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